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Survivorship Annuities, Sfc, to pay 5 per Cent beside the Premium charged 
for Assurances by the Northampton 3 per Cent. 



Age. 


K. 


L. 


Age. 


K. 


L. 


Age. 


K. 


L. 


14 


1495320 


263082-7 


42 


120195-3 


162521-2 


70 


36615-9 


40158-6 


15 


1494863 


260274-0 


43 


118005-4 


158212-7 


71 


33475-5 


36490-8 


16 


149362-5 


257391-6 


44 


115733-9 


153867-1 


72 


30410-8 


329530 


17 


149156-4 


2544331 


45 


113380-9 


149486-0 


73 


27436-4 


29557-8 


18 


1488680 


251400-2 


46 


110946-9 


145071-2 


74 


24567-7 


26318-5 


19 


1485008 


248297-6 


47 


1084321 


140624-6 


75 


218220 


23249-2 


20 


1480593 


245130-7 


48 


10.5837-5 


1361482 


76 


19217-3 


20364-9 


21 


147545-9 


241903-8 


49 


103163-4 


131644-3 


77 


16772-8 


17681-4 


22 


146966-6 


2386235 


50 


100411-4 


127115-4 


78 


14495-5 


15202-3 


23 


146323-9 


235293-6 


51 


97585-0 


122566-7 


79 


12387-3 


12926-4 


24 


145616-6 


2319140 


52 


94691-6 


118006-5 


80 


10444-8 


10847-4 


25 


144842-9 


228484-4 


53 


91736-6 


113441-2 


81 


8673-4 


8967-2 


26 


144001-7 


225004-6 


54 


88723-4 


108874-9 


82 


70830 


7292-1 


27 


1430910 


221474-4 


55 


85655-2 


104311-9 


83 


5678-6 


58237 


28 


1421098 


217893-8 


56 


82535-5 


99756-9 


84 


4465-3 


45631 


29 


141056-6 


214262-7 


57 


79369 


95214-9 


85 


34526 


3516-1 


30 


139929-9 


2105810 


58 


76160-4 


90691-2 


86 


2623-9 


2662-9 


31 


138728-1 


2068488 


59 


72914-6 


86191-5 


87 


19590 


1981-4 


32 


137449-9 


203066-1 


60 


69637-2 


81721-8 


88 


14361 


1447-0 


33 


136094-2 


199233-1 


61 


66334-6 


77288-6 


89 


1034-5 


1037-9 


34 


134659-5 


195349-9 


62 


63013-4 


72898-8 


90 


725-7 


724-7 


35 


133144-3 


1914167 


63 


59680-9 


68559-7 


91 


489-2 


486-2 


36 


1315477 


187433-9 


64 


56341-4 


64275-7 


92 


310-1 


304-8 


37 


129868-3 


183401-8 


65 


53003-5 


60054-9 


93 


175-9 


1730 


38 


128105-0 


179320-9 


66 


49672-5 


55902-3 


94 


84-2 


82-5 


39 


126256-8 


175191-7 


67 


46357-5 


51826-7 


95 


30-9 


301 


40 


124322-8 


171014-8 


68 


430690 


478375 


96 


6-3 


6-1 


41 


122301-8 


1667910 


69 


39817-9 


43944-6 









On a Method of obtaining De Moivre's formula in the simplest 
terms. By M. Charlon, Manager of the " Spanish Phoenix," 
Madrid. Communicated by M. Henriqubz Pimentel, 
Professor of Mathematics at The Hague, Holland* 

W HEN we consider in a table of mortality the consecutive terms 
which express the number living at each age, we remark that the 
differences between those numbers are almost constant in the 
middle ages of life ; they change afterwards, remaining however 
uniform for another series of terms ; so that the table can be con- 
sidered as a series of decreasing arithmetical progressions. Let 
c be the difference between l x and l x+1 ; and let us suppose this 
difference constant for n years. We shall then have for the value 
of the life annuity during that time 

* The communication of M. Pimentel is written in French; but we have thought it 
more useful to give a translation. We have also altered the notation in some respects. 
—Ed. J.I. A. 
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-{(4-c)i> + (4-2cy+(4-3c)i> 3 + + (/«-m)»"}; 

l x 

which we can write 

v + v* + v 3 + + v n -~(v + 2v 2 + 3v 3 + +nv") 

lx 

1 v " 

The first series is equal to - — : — , or I n , suppose. If we put 



I'„ for the second series, neglecting the common factor j- , and 

x 
subtract from it the preceding, we shall find 

r„-I„=» 2 + 2i> 3 + + (n-l)tr\ 

Multiplying the two members of this equation by 1 + i, or - , we 
shall have 

{Y n -l n )(l + i)=v + 2v i + + (»-iy- 1 . 

Comparing this expression with the value of I' n , we find 
(I'„-I„)(l + i)=I' B -n»»; 

whence 1'.= ^ 1+ f —" . 

c 
Multiplying by =- , which we have neglected, and adding the first 

term, the total value of the life annuity for n years will be 
T _c I„(l + i)—nv" 
" h i 

If after n years, i- e. from the age x + n, the difference changes 
and becomes c', which remains constant for n' years, we must add a 
like quantity, discounted to the age x, that is to say, multiplied 

by ^±2 • v n . This will be 

' x \i w c ' ■ i »(i+o-" v 'Y »f,. p . > 

If after »' years, we suppose a third difference c" constant for 
n" years, the third series of the annuity will be expressed by 

r I,,(l+.l- B V'|/ w „ 



f c" , I n »(l+«)-nV' |^ 

1 l n" — i 'i f —j 

^ l x+n+n' l I h 



„n+n' . 
l x+n+n' 



and we shall thus have as many terms as there are differences in 
the table of mortality which we use, from the age x to the end of 
life. Let us suppose, to fix the ideas, that, in this interval, there are 
five constant differences c, c', c", c'", c"", for n, n', »", »'", »"" years ; 
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and, for brevity put, n + n = t', n + n' + n" =. t", n + n' + n" + n'" rz t'", 
&c. We shall then have for the value of the annuity multiplied 
by ilxt putting for I„, \ n >, I M « . . . ., in the first terms their values, 
and multiplying out, 

l x -l x v"-cl n {\ + i)+ncv n 
+ h+nV H —l x+n v t :-c'l w v n - x + n'c'v" 
+ W»»'- W»"WW-' + n"c"v>" 
+ I x+t „v<" - l x+t »v"" - c'"l n „,v>"-' + n'"c'"v"" 
+ l x +t'" v —l x +t»'O l —c \. n '",v l l +n c v' 

But, since l x —l x+n =nc, l x+n — l x +t' =n 'c', &c, and lastly, 
l x+t i„zzn""c"", we see that the terms ncv n — l x v n + l x+n v n in the 
above expression cancel one another. In the same way 

n'c'v"-l x+ y' + l x+t ,v"=0, &c. 

The value of the annuity will thus be reduced to 

~ (4- (1 + i)(d n + C%'V» + c'%»v" + c"'l^v'" + c""I M W") }. 

If we replace I„, l'„, &c, in this formula, by their equivalents, 
we shall find for the value of the annuity 

1 _ 1+1 {c- {c-c')v n - {c'-J'W- {e"-c'"y"- (c'"-c"")v""-c'"V""}. 

The law of the terms here is evident, and we can at once write 
down the value of the annuity whatever the number of hypotheses 
that we choose to make. 

If we suppose that there is only one difference, and that it is 
equal to 1, all the terras c—c', c' — c", &c, vanish; l x becomes 
equal to n, and the formula reduces to 

i- 1+1(1 -»") 

i i l n ' 

or, replacing 1 —e" by its equivalent i\ n , 

!_! + «• 
i ni ^ 

which is just De Moivre*s formula in the simplest form. 



On Assurances against the Risk of " Invalidity" or Permanent Inability 

to Work. 

JLIFE Assurance provides for the family of the deceased in case of 
premature death ; deferred Annuities provide for old age ; but both 
institutions leave uncovered the risk of premature inability to work. 
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